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Abstract 
The article proposes equations for the problem of bending circular symmetrically loaded flexible plate in creep. The problem was 
reduced to a system of two nonlinear differential equations. This system was solved using the successive approximations method 
in combination with the method of finite differences. The calculations were performed numerically in Matlab software package. 
Maxwell-Gurevich physical law was used as an equation, establishing the connection between stresses and creep strains. The 
results obtained with the geometric nonlinearity and while neglecting it were compared. The calculation of the plates on the 
geometrically linear theory leads to overestimate deflections. Another effect caused by the geometric nonlinearity is nonlinear 
stress distribution through the thickness of the plate. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
There are a lot of papers devoted to calculation of plates under creep, including [1-14]. In most of studies, authors 
are usually limited to a certain law of deformation due to creep and stress. Universal method of calculation, suitable 
for any constraint equations, does not currently exist. Furthermore, many authors in calculation of plates and shells 
considering creep usually apply geometrically linear theory which can be used in studies of small deflections about 
1/5 ÷ 1/4 plate thickness. Meanwhile, many areas of technology use plates and shells with deflections that go 
beyond such limits.  
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2. Formulation of the problem 
We consider a round plate loaded by the uniformly distributed load q (Fig.1). The plate is rigidly clamped along 
the contour. 
 
Fig. 1. The settlement scheme of a plate 
As the equation of relationship between stress and creep strain we use the generalized equation of Maxwell-
Gurevich, which has the form [15]: 
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K  – 
the initial relaxation viscosity, m – modulus of velocity. Last relations show that the rate of deformation depends 
on the stress, which defines a physically nonlinear problem. 
When taking into account creep on the basic relations of the theory of flexible plates (equilibrium equations, 
geometric and physical equations) changes occur only in physical equations. They are written in the following way 
for the axisymmetric problem: 
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We represent the creep deformation of the plate at an arbitrary point with coordinates r and z as the sum of two 
components: 
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where ,mi
H – creep deformation of the middle surface, ,bi
H – creep deformation caused by changes in the curvature of 
the plate. 
Full stresses and full strains we also represent as the sum of two components: 
,m ,b ,m ,b( , ) ( ) ( , ), ( , ) ( ) ( , ), , .i i i i i ir z r r z r z r r z i rH  H  H V  V  V  T (5)
Deformations and stresses caused by changes in the curvature of the plate are defined as follows: 
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With regard to (6) and (7) the expressions for bending moments will take the form: 
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where h – thickness of the plate, 
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The differential equation of the equlibrium is given by [16] 
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1  – load function. 
After substituting (8) in (9) we obtain the first governing equation: 
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The equilibrium equation containing stress in the middle surface, can be written as [16]: 
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This equation will be satisfied if we enter the stress function )  by the formulas: 
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The equation of compatibility of strains in the middle surface is given by [16]: 
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We express the deformation of the middle surface of the stress function: 
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Substituting (14) in (13) we obtain the second governing equation: 
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As a result, the task of axisymmetric bending of a round plate considering creep is reduced to a system of two 
differential equations (11) and (15). 
3. Solution of the problem 
In the first stage we solve elastic problem. The solution is performed by successive approximations in 
combination with the method of finite differences. In the first approximation, we consider that the plate is hard, ie 
solve the equation (11) using the method of nets, suggesting that ĭ = 0. As a result, we obtain the values of 
deflection at the nodal points. Next we numerically differentiate function ( )w r  and substitute in the equation (15). 
Solving this equation, we obtain the function ĭ. In the second approximation, we substitute this function into the 
equation (11), and we obtain new values of deflection in nodes. Thereafter, at each node we calculate the average 
value between the deflection in current and the previous approach, and substitute it into equation (15). The iterative 
process continues until the relative difference between the maximum value ĭ in the previous and subsequent 
approximation does not exceed 0.1%. 
Further, the time interval at which we investigate creep process is divided into n steps t' . After solution of the 
elastic problem we determine by the stresses the creep strain rate 
t
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w
Hw 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Deformation  H 1, ji  at time 1jt  is determined using a linear approximation: 
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4. Results and discussion 
Model problem was solved for a rigid clamped plate of crosslinked polymer EDB-10 for different values of the 
load q. Calculations were performed with the following initial data: Ȟ = 0.3, E = 3035 MPa, E = 2310 MPa, 
m* = 4.44 MPa, Ș0 = 1,8 · 109 MPa · s [17]. Size of a plate: c = 1 m, h = 15 mm. Fig. 2 shows graphs of deflection 
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growth in the center of the plate. Curves corresponding: 1 - q = 0.3 kPa, 2 - q = 0.5 kPa, 3 - q = 1 kPa. The dashed 
lines show the results obtained by geometrically linear theory. The graphs show that the creep is damped. 
Fig. 3 shows a time graph of the stress rV change at the point r = c, z = h/2 when q = 1 kPa. The dashed line also 
corresponds to the result of taking into account only the physical nonlinearity. The graph shows that the stress at the 
point r = c, z = h/2  at the beginning and end of creep process is the same if we use geometrically-linear  theory. 
When deflections are large such an effect is not observed. The absolute value of the stress rV over time only 
decreases. Fig. 4 shows the stress TV  distribution of the plate thickness at r = c at time t = 2 h. Line 1 corresponds to 
q = 2 kPa, 2 – q = 5 kPa, 3 – q = 8 kPa. For large loads nonlinear character of diagrams is observed. 
Fig. 2. The increase in time of deflection under different load values
Fig. 3. Changing of stresses rV in time 
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Fig. 4. The distribution of stress TV  over the plate thickness 
5. Conclusions 
Obtained equations allow calculating a circular plate on an axially symmetric load, taking into account the 
geometric nonlinearity and nonlinear creep. Creep law can be set arbitrarily. Calculation of the plates on the 
geometrically linear theory leads to overestimate deflections. The difference in considered example is up to 40%. 
Another effect caused by the geometric nonlinearity is a nonlinear stress distribution through the thickness of the 
plate. 
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